CHLÁDEK, G., HANUŠ, O., FALTA, D., JEDELSKÁ, R., DUFEK, A., ZEJDOVÁ, P., HERING, P.: Asymmetric time interval between evening and morning milking and its effect on the total daily milk yield. Acta univ. agric. et silvic. Mendel. Brun., 2011, LIX, No. 3, pp. 73-80 Samples of milk obtained in the course of evening and morning milking performed in variable time intervals of either 11 and 13 hours (n = 1.282) or 10 and 14 hours (n = 370) were collected with the aim to quantify the eff ect of the length of a variable (asymmetric) time interval between evening and morning milking on the total amount and composition of daily milk production of dairy cows. Milk samples were analysed in an accredited (EN ISO 17025) laboratory in Brno-Tuřany (Czech Republic) and the following contents of individual milk components were estimated: fat (F; g.100g ), and somatic cell counts (SCC; 10 3 . ml −1 ) were estimated in. It was found out that with the increasing total daily milk production the shares of evening and morning milk yield increased as well; however, the percentages of evening and/ or morning yields in the total yield remained practically unchanged and represented 43.5 % and 56.5% or 40.4 % and 59.6 % in variants with intervals of 11 and 13 hours and/or 10 and 14 hours, respectively. In the variant with the milking interval of 11 and 13 hours, values of correlation coeffi cients between the above parameters (i.e. F, TP, L, SCC, and log SCC) of evening and morning milk yields on the one hand and the total milk performance on the other ranged from the minimum r = 0.896 (F) to the maximum r = 0.980 (TP). In the variant with the interval of 10 and 14 hours, the corresponding values of correlation coeffi cients were r = 0.848 (F) and r = 0.983 (TP). These correlations were statistically highly signifi cant in all cases (P ≤ 0.001). Further, linear regression equations enabling the estimation of milk parameters of the total milk yield on the base of results obtained in evening and morning milking was calculated as well. Values of coeffi cients of determination (R 2
. ml −1 ) were estimated in. It was found out that with the increasing total daily milk production the shares of evening and morning milk yield increased as well; however, the percentages of evening and/ or morning yields in the total yield remained practically unchanged and represented 43.5 % and 56.5% or 40.4 % and 59.6 % in variants with intervals of 11 and 13 hours and/or 10 and 14 hours, respectively. In the variant with the milking interval of 11 and 13 hours, values of correlation coeffi cients between the above parameters (i.e. F, TP, L, SCC, and log SCC) of evening and morning milk yields on the one hand and the total milk performance on the other ranged from the minimum r = 0.896 (F) to the maximum r = 0.980 (TP). In the variant with the interval of 10 and 14 hours, the corresponding values of correlation coeffi cients were r = 0.848 (F) and r = 0.983 (TP). These correlations were statistically highly signifi cant in all cases (P ≤ 0.001). Further, linear regression equations enabling the estimation of milk parameters of the total milk yield on the base of results obtained in evening and morning milking was calculated as well. Values of coeffi cients of determination (R 2 ) of these equations ranged from 0.803 (F) to 0.960 (TP) and from 0.718 (F) to 0.966 (TP) for intervals of 11:13 hours and of 10:14 hours, respectively. dairy cow, milk, milking interval, fat, protein, somatic cell counts, prediction equations At present, a trend of increasing economic effi ciency is a dominating phenomenon in dairy cattle industry. Regarding the current stagnation of milk prices, a decrease of production costs may be one of its major tools. For this reason the farmers concentrate their dairy cows in barns equipped with modern technologies and machinery as well as modifi ed organisation of production. These sophisticated technologies involve above all multiple milking per day and application of automatic (robotic) milking systems. As usual, these new systems are o en combined with asymmetric time intervals between morning and evening milkings (HERING et al., 2003 (HERING et al., , 2007 LÖVENDAHL and BJERRING, 2006; ICAR, 2008; CHLÁDEK et al., 2009 a, b) .
Eff orts concerning cost reduction involve also trends focused to a decrease in costs of cattle milk recording (MR). These eff orts are based above all on the need of shortened methods of milk sampling in MR. To maintain at least the current numbers of dairy cows in the system of MR for the purpose of adequate breeding work and acknowledgement of results of monitoring performance and heredity in cattle by competent authorities (i.e. International Committee for Animal Recording -ICAR) it is necessary to develop prediction methods providing a reliable estimate of overall MR results by means of shortened and/or alternating methods of milk sampling. These methods are used in systems of milking twice or three-times a day with either symmetric or asymmetric time intervals between evening and morning milking (HERING et al., 2003 (HERING et al., , 2007 OUWELTJES 1998; HOGEVEEN et al., 2001; JOVANOVAC et al. 2005; REMOND et al. 2009; JENKO et al. 2010) . Studies on diff erences in components and technological properties of milk originating from morning and evening milking provide also supplementary data for deciding about various modifi cations of milking frequency (BRAUNER and HANUŠ, 1984; .
In the Czech Republic a relatively high number of dairy cows (94.7 %) are involved in the system of MR (KVAPILÍK et al., 2010) ; this percentage is comparable with the majority of advanced countries and it is desirable to maintain this situation. World surveys (ICAR) mention values from 4; 13 and 17 % (Mexico, Tunis and Turkey, respectively) to 100 % (Switzerland). A similar percentage of dairy cows is monitored also in Slovakia (86 %). In other countries with a high level of cattle breeding these numbers of monitored animals range from 42 % (Ireland) through 46 % (Australia), 58 % (Japan), 64 % (united Kingdom), 71 % (France), 73 % (Canada, Italy, Austria), 78 % (Slovenia), 79 % (Finland), 85 % (Germany), 86 % (Sweden), 88 % (The Netherlands), 94 % (Denmark) to 97 % (Norway). Regarding the aforementioned eff orts to reduce the numbers of milk samples analysed within the framework of MR it is necessary to develop adequate methods of performance monitoring. This means that we should be able to use results of recording partial milk yields for a reliable estimation of the total daily milk production. Such estimated values can be then used for other estimates and calculations performed within the framework of MR and heredity monitoring with regard to requirements of breeding work and monitoring of health condition of dairy cows (WIRTZ et al., 2007) . The methodology of estimation of overall results as well as of conversion of results of various partial sampling variants was studied by a number of authors (LEE and WARDORP, 1984; PALMER et al., 1994; LEE et al., 1995; LIU et al., 2000; WEISS et al. 2002; KLOPČIČ et al., 2003; GANTNER et al. 2008 and 2009) .
The aim of this study was to quantify the eff ect of the length of asymmetric time intervals between evening and morning milking (11 and 13 hours or 10 and 14 hours) on the amount and composition of total daily milk yield.
MATERIAL AND METHODS

Analysis of milk samples
Samples obtained in evening and morning milking performed with intervals of either 11 and 13 hours (n = 1.282) or 10 and 14 hours (n = 370) were stabilised with D&F Control Systems Microtabs (bronopol, 0.03 % in milk) and transported in cool boxes (< 10 ºC) to the laboratory in Brno-Tuřany. This accredited dairy laboratory (meeting the requirements of the international standard EN ISO 17025) operates within the framework of the routine analytical system of MR organized by the Czech-Moravian Association of Cattle Breeders in Prague, Czech Republic (Českomoravská společnost chovatelů, a. s., Praha). Samples were analyzed for fat content (F; g.100g −1 ), total protein (TP; g.100g
), lactose (L; lactose monohydrate; g.100g ). Analyses were performed in apparatuses Bentley 2000 (F, TP, L; fi lter technology of infrared spectrophotometry; Bentley Instruments, USA) and Somacount 500 (SCC; FC fl ow fl uoro-opto-electronic cytometry; Bentley Instruments, USA). Both instruments were regularly calibrated and tested for their analytic capability (F, P, L, Research Institute of Cattle Breeding, NRL-RM Rapotín) according to methodologies published by HANUŠ et al., 1998 HANUŠ et al., , 2001 HANUŠ et al., and 2006 and ŘÍHA et al., 2008 (PSB, State Veterinary Institute in Prague).
Statistic processing of milk sample analyses
Milk parameters (F, TP, L, SCC) of evening and morning partial milk yields were used for weighted calculation of their percentages in the total milk yield. These calculated values were used as a reference set of data corresponding to proportional samples of partial milk yields in individual days. SCC data were logarithmic transformed to log SCC because of well-known inherent properties of frequency distribution of this parameter (ALI and SHOOK, 1980; RENEAU et al., 1983 and 1988; RENEAU, 1986; HANUŠ et al., 2001) . In sets of partial milk yields the following statistical characteristics were calculated: arithmetic means (), standard deviations (s x ), and coeffi cients of variability (Vx). Results concerning partial milk yields were therea er assigned to reference values using the method of linear regression. Determination coeffi cients (R 2 ), correlation coeffi cients (r) and straight line equation (ideal y = 1x + 0) were computed using Excel and Unistat 5.1 programmes.
RESULTS AND DISCUSSION
Percentages of partial milk yields in the total daily milk yield of dairy cows with diff erent milk performance in experimental groups with asymmetric milking intervals of 11:13 h and 10:14 h are presented in Tabs I and II. These data indicate that the increase in total daily milk yield (from 13.7 kg to 44.8 kg and from 16.3 kg to 43.1 kg, respectively) was associated with increasing partial milk yields both in the evening (from 5.9 kg to 19.6 kg and from 6.5 kg to 18.4 kg, respectively) and morning milking (from 7.8 kg to 25.2 kg and from 9.8 kg to 24.7 kg, respectively); however, percentages of individual partial milk yields in the total milk yield remained unchanged and ranged in the variant 11:13 hours from 42.7 % to 44.3 % and from 55.7 % to 57.3 % in the evening and the morning milking, respectively (Tab. I). A similar stability of percentages of individual partial milk yields was observed also in the variant with the milking interval of 10:14 hours, namely from 40.0 % to 42.7 % and from 57.3 % to 60.0 % in the evening and the morning milking, respectively (Tab. II). Slightly lower percentages were recorded by OUWELTJES (1998) in his experiment with the milking interval of 10:14 hours in dairy cows with the average daily milk production of 24.7 kg (57 % and 43 % in the morning and evening milking, respectively). GANTNER et al. (2009) , as well, observed slightly lower partial milk yields in their experiment with 668 dairy cows milked twice a day in the interval of 12.8 and 11.2 hours between the morning and the evening milking, namely 53 % (10.6 kg) and 47 % (9.4 kg), respectively, of the total daily milk yield in of 20 kg. On the other hand, JOVANOVAC et al. (2008) obtained nearly identical results (56.1 % and 43.8 % for the morning and evening milking, respectively); however, in their experiment the average milk performance was slightly lower (19.78 kg) at the interval of 13.6 and 11.4 hours between the morning and the evening milking, respectively. LEE et. al. (1995) reported that there were diff erences in the amount of partial morning and evening milk yields (and, thus, also in their percentages in the total daily milk yield) in an experiment with the same milking interval: the morning milk yields were higher than evening milk yields. This fact was corroborated also by JENKO et al. (2010) who recorded in a group of primiparous dairy cows milked twice a day at the asymmetric interval of 11.8 and 12.2 hours 51.5 % and 49.1% of morning and evening milk yields, respectively. A similar result was obtained also in a group of multiparous animals (i. e. 51.4 % and 49.2 %).
Milk parameters of partial morning and evening milk yields and of the total daily milk yield recorded in groups with the milking intervals of 11:13 hours and of 10:14 hours, respectively, are presented in Tab. III. As one can see, in the group with the milking interval of 11:13 hours, the total milk yield was 27.6 kg (F 3.75 g.100g .ml −1 (log 2.014)). In the group with the milking interval of 10:14 hours, the corresponding daily milk yield was 27.1 kg (F 3.55 g.100g .ml −1 (log 2.079)). This means that in dairy cows under study, the performance and composition of milk were similar in both groups (i. e. with the milking intervals of both 11:13 hours and 10:14 hours Values of coeffi cients of correlation of milk parameters under study existing between total daily milk yield on the hand and morning and evening partial milk yields on the other are presented in Tab. IV. As far as the interval of 11:13 hours is concerned, the highest values of correlation coeffi cient were recorded in the content of TP 0.967 and 0.980 (on the evening and the morning Note:  x -aritmetic mean; s x -standard deviation; Vx -variation coeffi cient; SCC -somatic cell count log SCC -logarithm of the somatic cell count milk yield, respectively); a very similar results were obtained also in the group with the milking interval of 10:14 hours (0.970 and 0.983 for the evening and the morning milk yield, respectively). In general, it can be stated that values of correlation coeffi cients of all milk parameters under study (including milk production) were very high (the minimum value of 0.848 for F in evening milk yield in the variant with the milking interval of 10:14 hours) and statistically highly signifi cant. CHLÁDEK et al., ( 2009 a) also mentioned very high values of coeffi cients of correlation existing between partial milk yields on the one hand and total milk yield on the other (up to 0.979); also these data were statistically highly signifi cant. High values of correlation coeffi cients for the same relationship (i.e. 0.89 to 0.98 and/or 0.956 to 0.976) were reported also by GANTNER et al., (2009) and JOVANOVAC et al., (2009) . Besides, GANTNER et al., (2009) mentioned that the 305 day milk yield predicted from 4-week milk recording methods (A4, AT4) and from 6-week milk recording methods (A6, AT6) were statistically highly signifi cantly diff erent (P < 0.01). However, these authors found out very small diff erences between both methods not only in A4 and AT4 but also A6 and AT6. Regression equations of relationships existing between milk parameters of partial evening and morning milkings on the one hand and the total daily milk yield on the other are presented in Tab Note: SCC -somatic cell count log SCC -logarithm of the somatic cell count x -partial milk yield y -total milk yield R 2 -coeffi cient of determination between partial milk yields and the total milk yield were mentioned also by JOVANOVAC et al., (2008) . WEISS et al., (2002) , as well, wrote that the relation between milking interval, production rate and milk fat content followed linear regressions. As compared with milking interval of 11:13 hours, there is a slight but permanent tendency to lower coeffi cients of correlation and determination in the majority of variables under study (excepting contents of TP and SCC) in the variant with the milking interval of 10:14 hours.
Our high values of coeffi cients of determination demonstrate that equations calculated in this study can be successfully used for the estimation of milk composition in the total daily milk yield using values of partial evening and/or morning milk yields in variants with milking intervals of both 11:13 hours and 10:14 hours. These predictions may be used for example in MR when using a shortened method of milk sampling. As far as the comparison of evening and morning milk yields is concerned, we can observe a slight but general tendency towards higher values of coeffi cients of determination in case of morning milk yields (both in variants of 11:13 and 10:14 hours). This is obviously due to a higher milk production in the morning milking (and therefore a higher percentage of partial morning milk yield in the total daily milk yield). JOVANOVAC et al. (2008) observed a similar tendency; for equations derived from the morning partial milk yield these authors reported the range of coeffi cients of determination 0.957 to 0.976 while for the evening milking these coeffi cients ranged only from 0.937 to 0.956. Also GANTNER et al. (2009) wrote that, in general, the estimates based on morning records were more accurate than those based on evening samples regardless to the method of estimation.
CONCLUSIONS
This study demonstrated that there were marked relationships between milk parameters recorded in partial morning and evening milk yields (i. e. milk quantity, F, TP, L and SCC) on the one hand and those of the total daily milk yield in both groups of dairy cows with asymmetric milking interval (i. e. 11:13 hours and 10:14 hours, respectively). Although there is no doubt that a fully reliable result of prediction of milk parameters of the total daily milk yield may be obtained only on the base of collection of weighed milk samples originating from individual partial milk yields, it may sometimes be necessary to use an alternative method. Our results indicate that the estimation of milk parameters of the total daily milk yield on the base of values recorded in partial evening and/or morning milking is possible also in systems with asymmetric milking time intervals. Presented prediction equations may be used in the form of a reference table when converting actual results of e.g. MR analyses by means of a shortened method. It is therefore expected that the obtained results could be used in the methodology of MR in the Czech Republic. This methodology could be also used by ICAR as a base for an offi cial audit of MR results.
